INTRODUCTION
Meningitis is one of the most severe infections in children. Despite the availability of newer antibiotics and preventive strategies, morbidity and mortality due to bacterial meningitis has not changed much in the past two decades. 1 To be able to diagnose and manage properly, paediatricians have to be aware of the types of micro-organisms prevalent in the local community and their susceptibility against different antibiotics. What is true in the western world
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METHODS
This was a prospective study carried out in the children's ward of Patan Hospital. This hospital is collaborating with Oxford University and New Zealand University to find bacterial causes of febrile illnesses in Nepalese children. The present study is a part of the findings of that project.
The presented data were collected between Mangsir 2062 and Magh 2065. All the children admitted in the children ward of Patan Hospital were eligible for study. They were followed everyday by the research team till discharge. blood and cerebrospinal fluid culture were traced and recorded. Final diagnosis, made by the treating team of physicians, was also entered into the individual sheets.
Later, all the sheets with positive CSF culture for bacterial meningitis were collected and time interval between the first and the last case noted. The total number of patients admitted during this period as well as all those with discharge diagnosis of 'meningitis' were entered for analysis. All the files of the subjects with positive CSF culture were retrieved from the record section of the hospital and studied in detail.
RESULTS
A total of 7,751 patients were admitted in the paediatric ward during the 38 months of study. Of them, 296 were treated for meningitis. Only in 13 out of the 296 patients, an organism was grown in the CSF. Pneumococcus was the most common bacteria isolated followed by Haemophilus influenzae 'b' (Hib). 2, 3 There was one each of β-hemolytic Streptococcus, α-hemolytic Streptococcus, Pseudomonas and Neisseria meningitidis. In samples from five of the six patients with pneumococcal meningitis, the same organism was grown from blood samples as well. Similarly, two of three Hib meningitis patients also had positive blood culture for the same bacteria.
The mean age of patients was 3.5 years. Infants as young as 18 days old to adolescents of up to 13 years were affected (Table 1 ). Six out of 13 patients were young infants. Hib meningitis was seen in young children only: mean age 8 months, oldest child 17 months. But pneumococci were grown from samples from all the children. There was no gender influence as seven males and six females were affected.
Fever was the most common presentation, with all but one child suffering from it. As shown in the bar diagram below (Figure 1 ) vomiting was also quite common (10; 77%). Symptoms more specific to CNS, namely, seizures and impairment of consciousness were present in five and two patients respectively. Three children had generalized seizure and two had partial. Four patients complained of headache.
A majority of children (nine; 69%) had more than 11,000/ mm 3 peripheral WBC count, the highest being 27,200/mm 3 .
The number of children with a count of more than 15,000/ mm 3 was five as shown in ).
In all 13 children there was predominance of neutrophil in their peripheral blood. The percentage ranged from 58% -96%. Five patients had 58%-75%, two had 75%-80% and the remaining six had a very significant left shift of more than 80% neutrophil.
Of the groups of individual organisms, pneumococci had closest association with leukocytosis and neutrophilia. Four out of the six pneumococci affected children showed leukocytosis as well as neutrophilia (WBC>15,000/ mm 3 ; Neutrophil ≥80%). Of the remaining two, one had leukocytosis without much left shift (WBC >15,000/ mm 3 ; Neutrohil <80%). The last one exhibited neither significant leukocytosis nor neutrophilia (WBC <15,000/ mm 3 ; Neutrophil <80%). As noted earlier, none of the three Hib children had a white count in excess of 15,000/mm 3 . Two of them, however, had neutrophilia of >80%. The last Hib child, as in the case of one child with pneumococcal meningitis, had normal total as well as differential white cell count (<15,000/mm 3 ; <80%).
CSF pleocytosis was found to be variable. Seven children showed significant CSF pleocytosis of more than 1,000 cells/mm 3 . The highest count (67,500/mm 3 ) was found in a three months old female child who grew Hib in her CSF. Of the remaining six, three patients had CSF cells in the range of 100/mm 3 -1000/mm 3 . Three children had fewer than 100 WBC/mm 3 . The least number of cells was two/mm 3 . This was an 18 month old girl with α-hemolytic streptococcal meningitis. As shown in the table 2, there was no correlation between blood and CSF white cell count.
CSF sugar was significantly decreased (less than 20 mg%) in 10 patients and protein significantly increased (more than 45 mg%) in 11. Both low sugar and high protein was found in four (out of six) pneumococcal infections, all three H. influenzae infections and one each of Pseudomonas and β-hemolytic Streptococcus infections.
All pneumococcal as well as the α-and β-hemolytic Streptococcus and Neisseria meningitides bacteria were uniformly sensitive to the three commonly used antibiotics -penicillin, cefotaxime and chloramphenicol. The Haemophilus and Pseudomonas had variable sensitivities against these antibiotics as shown in Table III. All but one children received ceftriaxone/ cefotaxime. Four of them were also given chloramphenicol. The lone child who was not put on ceftriaxone was an 18 month old female. Her CSF showed only two cells, meningitis was not considered initially and hence she was put on ampicillin. Later the CSF culture showed α-hemolytic Streptococcus sensitive to penicillin, chloramphenicol and cefotaxime. Ampicillin was stopped and a full course of crystalline penicillin was given. She responded well to the treatment.
Once treatment was started, fever came down to normal within four days in others but in those with pneumococcal infection, it took six days for temperature to normalize. The average number of days taken for defeverescence in those with Hib meningitis was 13.
Repeat CSF study was done in four complicated cases. The result is shown in Table IV. In the two children with Hib meningitis it was repeated twice (altogether three spinal taps). The results of repeat CSF study showed improvement in all parameters. Thus in the first case the CSF WBC count came down from 6,400/mm 3 to 16/mm 3 . When the CSF was done for the third time it became completely normal (1). An exception was the case of pneumococcus where, although CSF sugar increased from seven mg% to 33 mg% and WBC decreased from 310/mm 3 to 80/mm 3 , protein actually increased (instead of decreasing) from 82 mg% to 152 mg%. None of the repeat CSF samples grew any organisms.
Neuro-imaging was performed in six of the 13 patients -four cranial USGs and two CT scans. Three USGs were normal. The fourth one showed abnormally prominent echogenic sulci and gyri suggestive of meningitis. One of the CT scans showed subdural collection with cortical atrophy. This was a three month old child with pneumococcal meningitis. The subdural fluid was tapped. Pneumococcus was isolated from this specimen also.
Ten of the 13 children had complete recovery without any sequel. Three recovered but with some complications. The complications were: (1) bilateral profound hearing loss, (2) subdural collection requiring neurosurgery with repeated meningitis, and (3) septic arthritis with persistent fever. These complications were noted before discharge from hospital. The first two complications were observed in pneumococcal meningitis patients and the last one in Haemophilus. There was no death in this series.
DISCUSSION
In our study 296 children were clinically diagnosed to have meningitis which gives a hospital based prevalence of 3.8%. Out of the 296 CSF samples of these children, 13 grew some bacteria. Thus the bacterial yield was only 4.4%. Elerie J. Williams et al also could recover only 9 bacteria from culture of 199 CSF samples (yield 4.5%). 2 There are two possible explanations for this low yield: (1) Some of the cases were not bacterial meningitis in the first place; they were probably viral meningitis but because of the borderline CSF picture, got labeled and treated as bacterial meningitis, or (2) the subjects were already on antibiotics when CSF was examined. Several studies have shown lower yield because of prior use of antibiotics. 3 Pneumococci were the most common organisms isolated: 46% of the cases. This finding is similar to that of other researchers in this country as well as those of the USA and Europe.
2,4,5 Kaplan SL and colleagues found that even after the introduction of pneumococcal conjugate vaccine in the H. influenzae 'b' was isolated in 23% of children in our study. A study done in the USA in 1986, before Hib vaccine was introduced in the routine immunization schedule, found H. influenzae to be the most common cause of bacterial meningitis (45%). 7 By this corollary one would expect Hib to be the number one in our study also because this study is like the pre-Hib-vaccine era of the USA (Hib was included in Nepal EPI in Mansir 2066 whereas the present study concluded one year earlier). 8 But that was not the case.
In five of the six patients with pneumococcal meningitis, the same organism was also grown in their blood samples. Similarly, two of three Hib meningitis patients also had positive blood culture for the same bacteria. Medical literature suggests that more than 50% of meningitis patients have positive blood cultures for the causative bacteria. 9 Most patients (46%) were young infants of six months or less. A study in the USA before widespread use of Hib vaccine also found meningitis to be predominantly a disease of young infants. 10 In our study, Hib meningitis was seen in young children but pneumococcus did not spare any age group. It is a well known fact that Haemophilus influenzae is a disease of under-five children. 11 Fever, vomiting and seizures were the most common presenting complaints. This finding was in accordance with what is generally expected. 12 Only four children complained of headache but this may have been because of age since children less than two years cannot tell and we had seven patients below this age. Leukocytosis in the peripheral blood was common (69%) and neutrophilia universal (100%). Particularly high count of ≥15,000/mm 3 cells and significant neutrophilia of ≥80% was a distinguishing feature of peumococcal meningitis (four out of six; 67%) which goes well with established medical knowlwdge. 13 All pneumococci were uniformly sensitive to the three commonly used antibiotics -penicillin, cefotaxime and chloramphenicol. Suvana Karki, in her study in Kanti Children's Hospital Kathmandu, also found 100% sensitivity of pneumococci to penicillin and chloramphenicol.
14 This is reassuring because the West is facing a worrying trend of more and more pneumococci becoming resistant not only to penicillin but also to third generation cephalosporins. In one study in the USA in 1998, researchers found as many as 20% of pneumococcus resistant to penicillin and 7% resistant to cefotaxime. 15 In our study ceftriaxone/cefotaxime was given to all but one child. Four of them also received chloramphenicol. The lone child who was not put on ceftriaxone was treated with ampicillin/penicillin since meningitis was not considered initially because of normal CSF cytology. This supports the statement that in some cases of bacterial meningitis 'early in the course, few or no WBCs may be present'. 16 Bacteria Chloramphenicol The figures in parentheses are the result of initial CSF study The two numbers separated by a coma above parentheses are the results of two repeats.
S= Sensitive, M= Moderately sensitive, R= Resistant, NA= Not available
In children with pneumococcus meningitis, it took six days for normalization of temperature after initiation of therapy. Klein J, as well as Arditi M, in their respective studies, also found disappearance of fever within four to six days after starting antibiotic treatment. 16, 17 Children with Hib meningitis, on the other hand, took longer for the disappearance of fever -13 days on an average. Other researchers have also found that as many as 13% of children with meningitis may take 10 days or longer for the temperature to become normal. 18 Repeat CSF study was done in four complicated cases. Tunkel AR et al. advise that repeat CSF examination be done in those with poor clinical response. 19 In the two children with Hib meningitis it was repeated twice. The results of repeat CSF study showed improvement in all parameters except for one case of pneumococcus, where CSF protein actually increased, instead of decreasing. None of the repeat CSF samples grew any organism.
Table3. Culture sensitivity of the different bacterial isolates
Three complications were observed in our study (23%) which is similar to the findings of a meta-analysis for developing countries (26%). 20 The complications were: (1) bilateral profound hearing loss, (2) subdural collection with repeated meningitis, and (3) septic arthritis with persistent fever. In the above mentioned meta-analysis also, hearing loss was the most common complication (20.6%). The first two complications in our study were observed in pneumococcal meningitis patients and the last one in haemophilus. There was no death in this series although a mortality rate of 5 -10% can be expected in cases of bacterial meningitis.
1
CONCLUSION
The present study corroborates most of the epidemiological and clinical features of acute bacterial meningitis presently known to the medical fraternity. It further proves that lack of CSF pleocytosis, particularly in the first few days of the disease, can be deceptive and hence should be regarded very suspiciously taking into account the whole clinical picture before deciding not to treat the disease as meningitis. The belief that pneumococci, in our part of the world, are uniformly sensitive to penicillin and third generation cephalosporin, was found to be true.
The present study, even though a small one, sheds some light on the causative agents of bacterial meningitis in Nepalese children. More researches with bigger sample sizes could build on this little base of information.
